Previous studies have shown increased nucleotide pyrophosphohydrolase (EC 3.6. (5) chondrocytes. ATP levels were significantly higher in knee joint fluids containing CPPD crystals compared with fluids from osteoarthritis (217 vs. 98 nM) (6) despite higher activity of NTPPHase in the former (7).
Introduction
Previous studies have shown increased nucleotide pyrophosphohydrolase (EC 3.6.1.8) (NTPPHase) activity in detergent extracts of degenerated human cartilage containing calcium pyrophosphate dihydrate (CPPD) crystals relative to those from osteoarthritis or normal cartilage. NTPPHase was later shown to be an ectoenzyme and its activity was increased in synovial fluid from patients with CPPD crystal deposits relative to fluids from other types of arthritis. We have purified a soluble 61-kD NTPPHase from conditioned media of organ-cultured porcine articular cartilage to electrophoretic homogeneity. Its NH2-terminal sequence through 26 cycles showed < 30% homology to any previously reported (6) despite higher activity of NTPPHase in the former (7).
EctoNTPPHase activity is also associated with vesicles derived from chondrocytes in epiphyseal cartilage, termed matrix vesicles, and is thought by some investigators important for in vitro calcification (8, 9) . Addition of ATP to vesicles isolated from adult porcine ( 10) Preparation of membrane fractions. Membrane fractions were isolated by a standard method (20) from homogenates of chondrocytes grown in primary monolayer culture for 4 d. At this time, the ectoNTPPHase activity lost during chondrocyte release is fully reconstituted (21) . The homogenate was centrifuged at 1,000 g for 15 min, and the supernatant was centrifuged at 10,000 g for 1 h. The pellet was resuspended in 50 mM carbonate-bicarbonate buffer, pH 9.8, containing 0.1% Triton X-100 and incubated for 1 h with constant shaking. This suspension was centrifuged at 105 g for 1 h, yielding solubilized membranederived protein. This supernatant fraction was used for further enzyme purification and for kinetic studies.
Purification of conditioned media. Cartilage organ cultures and chondrocyte monolayer conditioned media spontaneously release both soluble and sedimentable vesicle-associated NTPPHase (21) . Conditioned media were harvested every 48 h and centrifuged at 10,000 g for 30 min to remove debris (all centrifugation was done at 4°C unless otherwise stated). The media was then centrifuged at 20,000 g for 10 min, 50,000 g for 60 min, and finally at 2 x I05 g for 40 min. The supernatant was used as the source of soluble enzyme, and the 2 X 105 g pellet was used as the source of the sedimentable enzyme. This pellet contains a homogenous population of ACVs by electron microscopy (10) . Alkaline phosphatase, 5' nucleotidase, and inorganic pyrophosphatase activities were measured in this pellet as described elsewhere (22 NTPPHmse activity of MonoQOT fractions 10 20 Fracton number the single 61-kD band on SDS-PAGE transblotted to PVDF transfer membrane were obtained (Table II) . There was no significant (< 30%) homology with any known protein, including PC-1, an NTPPHase whose complete sequence is known (29) . A peptide (1,837 mol wt) was synthesized corresponding to the first 15 NH2-terminal amino acids; 263 mg was made at 74% yield. Its amino acid composition, HPLC mobility, and magnetic resonance analysis confirmed that the original peptide had been reproduced. Production of antibodies. All three rabbits made antibodies to the synthetic peptide (anti-SNTP) as measured by Western blot using the peptide as antigen. These antibodies reacted with both the crude preparation (mainly 127 kD) and the purified soluble 61-kD enzyme.
Immunoprecipitation. Anti-SNTP failed to precipitate native 61-kD soluble NTPPHase, even after affinity purification. Covalently coupling the affinity purified antibody directly to Sephadex beads also failed to remove detectable amounts of NTPPHase activity.
Immunoreactivities against synthetic NH2 terminal 61-kD soluble NTPPHase antibody (anti-SNTP) using Western blot. (a) Porcine chondrocytes and their (b) subcellular fractions: Anti-SNTP failed to recognize any protein in a 1% SDS lysate of washed chondrocytes harvested after 4 d in primary monolayer culture, nor did this antibody recognize any protein in plasma membrane preparations prepared from such chondrocytes. (c) ACV from enzymatically digested cartilage: a 61-kD protein was recognized by anti-SNTP (Fig. 2, lane 1) . (d) NTPPHase in cartilage conditioned media 2 x 10' g pellets: A strong 127-kD reactivity was found in 1% SDS extracts of pelleted ACV (Fig. 2, lanes 2 and 3) . A series of reactivities was found in the conditioned media supernatant also, ranging from 127 to below 50 kD, including a 61-kD band representing our original purification. (e) Whole cartilage: 1% SDS extracts of porcine cartilage reacted with anti-SNTP, which recognized a 127-kD band most intensely (Fig. 3, lane 5, and Fig. 4, lane   4 ). (f) Human skin fibroblasts: Anti-SNTP failed to react against a 1% SDS extracts of washed cultured adult human skin fibroblasts. (g) Human joint fluid: 1% SDS extracts of synovial fluid from a patient with severe knee joint degeneration associated CPPD crystal deposition disease reacted with anti-SNTP (Fig. 4, lane 1) . (h) Plasmacytoma cell lysate: anti-SNTP showed no reactivity against this preparation, known to contain PC-1 antigen.
Anti-PC-1 antibody showed reactivity against a 1 15-kD protein in the plasmacytoma cell lysate used as positive control (Fig. 5, lane 7) and against a 115-kD protein in a porcine chondrocyte membrane preparation (Fig. 5, lane 5) but not against fractions of NTPPHase activity elevated from a Mono Q column (Fig. 5, lanes 2 and 3) . Anti-PC-1 antibody consistently reacted against 6-galactosidase high molecular weight marker. Fig. 2, lane 1) .
This protein was derived from Escherichia coli. We conclude that the anti PC-1 antibody also contains antibody against (3- galactosidase co-purified with recombinant PC-1 antigen. Anti-PC-1 antibody also reacted with 1% SDS extracts of porcine skin or whole cartilage, indicating cross-reactivity of antibody raised against mouse PC-1 with porcine PC-1.
Characterization ofsedimentable 127-kD enzyme. The electroeluted protein produced a single spot on two-dimensional gel analysis. Fig. 6a Fig. 3 , lane 2. Sedimentable
NTPPHase activity using TMPNP as substrate was increased three-to sevenfold by TGFPQ.
Discussion
The ectoNTPPHase associated with ACV appears to be a unique protein based on its NH2-terminal amino acid sequence, its kinetic parameters, and the failure of a highly purified specific antibody raised against it to recognize PC-1, an NTPPHase ectoenzyme found originally in a plasmacytoma ( 12) and pres- ent in many cell types in many species (29) (30) (31) . Antibody to the ACV enzyme recognized both soluble and sedimentable proteins in human synovial fluid and in vesicles derived from porcine articular cartilage conditioned media. Synovial fluid appears to resemble conditioned medium from cartilage organ culture in its content of both soluble and ACV associated (sedimentable) enzyme.
Ali (32) first demonstrated vesicles in degenerating human cartilage and showed that some of them were associated with apatite mineral. Gordon et al. (33) correlated cartilage calcification with the degree of severity of osteoarthritis, and we also found a correlation between the content of basic calcium phosphate (BCP) mineral in synovial fluid (carbonate-apatite and octacalcium phosphate) and the degree of radiologic degenerative change (34, 35) . The release of the 127-kD NTPPHase may be a marker for increased vesicle formation by chondrocytes. The 127-kD enzyme appears to undergo proteolytic degradation in synovial fluid and, to a lesser extent, in cartilage organ culture conditioned medium. The precise role and relative importance of vesicle-associated ectoNTPPHase, of PC-i, and possibly of other ectoenzymes in the metabolism of extracellular ATP (6) remains to be defined. ATP-enhanced in vitro mineralization has been demonstrated in matrix vesicles from growth plate cartilage (8) . The product mineral was largely dependent on generation of PP, from ATP. This same mineral may be pathologic when present in fluids from degenerated joints. BCP crystals stimulate synovial cell proliferation as well as synthesis and secretion of matrix-degrading neutral proteases (36, 37) . In isolated ACV from adult osteoarthritic human and normal porcine cartilage, NTPPHase was needed for generation of CPPD crystals (10) . ATP-induced CPPD crystal formation by ACV was abolished by incubation with pyrophosphatase and was inhibited by substitution of ATP analogues that could not be degraded to PP1, indicating that generation of PPi from ATP was necessary. When ATP was added to porcine cartilage organ cultures, mineral formed in vesicular structures adjacent to chondrocytes (11) . ACV containing NTPPHase are present in all adult articular cartilages. Further study of ACV-associated NTPPHase may offer new insights into the mechanism of pathologic BCP and CPPD mineral formation.
